Objective To assess minimally important differences (MIDs) for several pediatric self-report item banks from the National Institutes of Health Patient-Reported Outcomes Measurement Information System Ò (PROMIS Ò ). Methods We presented vignettes comprising sets of two completed PROMIS questionnaires and asked judges to declare whether the individual completing those questionnaires had an important change or not. We enrolled judges (including adolescents, parents, and clinicians) who responded to 24 vignettes (six for each domain of depression, pain interference, fatigue, and mobility). We used item response theory to model responses to the vignettes across different judges and estimated MID as the point at which 50 % of the judges would declare an important change. Results We enrolled 246 judges (78 adolescents, 85 parents, and 83 clinicians). The MID estimated with clinician & David Thissen
Introduction
A minimally important difference (MID) is defined as the ''smallest difference in score … that patients perceive as important, … and which would lead the clinician to consider a change in the patient's management'' [1] [2] [3] . MIDs are important reference values that are used to evaluate the effectiveness of interventions in clinical research. Recent recommendations for determining MIDs for patient-reported outcome (PRO) measures have emphasized two classes of procedures: distribution-based methods and anchor-based methods [2] .
As Revicki et al. [2, p. 106 ] observed, ''The distributionbased indices provide no direct information about the MID. They are simply a way of expressing the observed change in a standardized metric.'' This is not to say that distribution-based computations are irrelevant; but they primarily provide a source of information about the reasonableness of judgmentally determined MID values. Distributionbased methods do not identify any particular value for the MID, but differences in standard deviation units smaller than 0.2 are not likely important, and differences larger than 0.5 are not likely minimal.
Anchor-based methods use a clinical test or expert or patient judgment to divide respondents into two or more clinically meaningful categories-most straightforwardly, those that have changed and those that have not. Then, the MID is the change score on the PRO measure for those who have minimally changed on the anchor [2] . Anchorbased methods provide the current ''gold standard'' for the determination of MID. However, they have the disadvantage that anchor data must be available; for some domains, physiological measures serve that function, but for others, such as emotional distress, pain, or fatigue, the questionnaire measures themselves provide the primary data. Moreover, the anchors are rarely gold standards of differences that are important to patients.
Other methods have been used to select MID values; as many as nine procedures have been cataloged [4] . Many of these methods make use of expert judges, as in applications of the Delphi method to obtain consensus about the value of MID [5] [6] [7] [8] [9] ; more recently, the Delphi method has been used as an adjunct to an anchor-based method to combine disparate values [4, 10] . Surveys of physicians have also been used to determine MID values without any attempt to build consensus [11] . Expert panels have been asked to indicate a change that is a MID on visual analog scales, or by selection of changes to item responses [12] [13] [14] .
This study introduces a novel method called the scalejudgment method to estimate a MID for several pediatric self-report measures from the National Institutes of Health (NIH) Patient-Reported Outcomes Measurement Information System Ò (PROMIS Ò ). The scale-judgment method is loosely modeled after the body of work method in the educational measurement literature [15] and is related to several earlier expert-judgment methods [12] [13] [14] . In the scale-judgment method, panels of judges evaluate pairs of completed PRO questionnaires (generically labeled ''before'' and ''after''); each judge indicates whether the amount of change indicated by the responses on the ''before'' and ''after'' questionnaires represents an ''important'' difference. Each stimulus pair also has a difference score; those values are not revealed to the judges.
The PROMIS scales are based on item response theory (IRT) calibrations, so we can generate vignettes that are plausible pairs of completed questionnaires. We do this by selecting a pair of levels for the PRO measures (e.g., pretest at 1.5 standard units above the mean, posttest at 1.0). Then, we use the fact that the IRT model gives the probability for each response pattern at any level of the latent variable to create a pair of completed questionnaires that are likely and associated with scores near the selected pairs of values. The resulting pairs of questionnaires appear to be from a longitudinal study; however, we can do these activities without any clinical data. Cella and colleagues used similarly completed individual questionnaires to collect expert-judgment data to identify categories of severity based on PRO scores [16, 17] .
This procedure differs from an anchor-based procedure in two ways: (1) As an advantage, these data are much easier to collect. Each judge can evaluate a large number of pairs quickly. There is no waiting for patients to change health status. (2) As a disadvantage, judges have limited information for their categorical judgment: They have only the responses to the PRO measure. The scale-judgment method differs from the use of the Delphi method in that larger groups of judges are used for scale judgment, and statistical averaging replaces any attempt to build consensus.
For pediatric measures, there are three potential groups of judges: (1) clinicians who regularly see patients; (2) parents or caregivers; and (3) adolescent patients. Each of these groups has a different perspective. In this study, we use the scale-judgment method to estimate the MID for four PROMIS pediatric measures and examine how that estimate differs across groups of judges.
Methods

Research participants
Clinicians, parents, and adolescents were recruited to evaluate change in patients' health status by looking at questionnaire responses. Research participants were recruited at four clinical sites that had previous experience using PROMIS measures in pediatric populations with specific diseases: Children's National Health System (cancer), Emory University (sickle cell disease), University of Florida (asthma), and University of Michigan (nephrotic syndrome). University of Michigan collaborated with clinics at Duke University and Levine Children's Hospital in Charlotte, NC, to enroll adolescents with nephrotic syndrome and parents of such children.
At Children's National, Emory, and the University of Michigan, researchers approached parents and adolescents in clinics. The researchers explained the study, and if parents and adolescents were eligible and willing to participate, they were provided with the link for the survey Web site. At the University of Florida, parents and adolescents who had participated in an earlier PROMIS study were called on the telephone to discuss this study. Parents and adolescents received gift cards valued $10-$20 for their participation.
Clinicians were identified using a variety of techniques: attendees at professional meetings; listings in physician dictionaries from the same university and state as the investigator; and colleagues of investigators in the same specialty field and/or hospital affiliation. Recruitment was done through in-person contacts, emails, and letters. Clinicians received gift cards valued $25-$50 for their participation. The study received IRB approval from regulatory boards at participating institutions.
Vignettes and data collection
Six pairs of completed questionnaires were created using the recommended eight-or ten-item short forms for each of four domains measured by the PROMIS pediatric scales: Depressive Symptoms [18] , Pain Interference [19] , Fatigue [20] , and Mobility [21] . The left questionnaire of each pair was labeled ''1 month ago'' and the right was labeled ''today.'' Within each set of six pairs, three were associated with improving scores, and three with worsening scores. The pairs of questionnaires were completed with responses that met several constraints: (a) The responses yielded scores that were approximately 2.5, 5, and 7.5 points different on the T-score scale (M = 50, SD = 10) used for the PROMIS instruments (with variation due to meeting other constraints); (b) the scores for both questionnaires were within the central part of the distribution (i.e., between 30 and 80 on the T-score scale); (c) the responses were likely for that score; and (d) responses to every item on each scale either changed in the same direction as the total score, or did not change. Figure 1 shows an example of one of the 24 stimulus pairs; this pair indicates an improvement of 3.2 points. In the particular example in Fig. 1 , the left questionnaire has the same response for all eight items; that pattern was not common, but it did happen in some vignettes.
The instructions were developed iteratively, with advice and feedback from researchers at all of the sites. At preliminary stages, we also had informal feedback from nonclinicians, and data obtained from a small pilot study involving teens, parents, and clinicians suggested further changes. In the end, we chose not to use the word ''important'' in the instructions, because that seemed to have different meanings for different people. The final instructions emphasized differences that are just large enough to be noticeable. We also included a sentence [''Looking for patterns (e.g., locations of red circles) may be misleading.''] to discourage respondents from simply declaring any difference in responses at all to be ''different'' as opposed to ''exactly the same. '' In the main study, overall instructions read, ''This is a study looking at a child's responses to a survey about how they are doing and feeling. For each questionnaire, you will see a set of responses from 1 month ago and a set of responses from today. The items on the questionnaires from 1 month ago and from today are exactly the same, although the child's responses may be different. We would like you to decide whether you think the child is doing or feeling better, worse, or about the same.'' The participants were then shown an example of a pair of questionnaires, followed by more instructions: ''Please read the questions and responses carefully. Looking for patterns (e.g., locations of red circles) may be misleading. Then, decide if the child is doing at least a little better today, essentially no different, or at least a little worse today.''
The stimulus pairs for each domain were preceded by an introduction for that domain: ''The next set of ratings is about the child's\the domain name[.'' This statement was followed by an explanation of the direction that indicated worse functioning in that domain, accompanied by a graphic with the better and worse responses labeled. Then, each of the 24 stimulus pairs was presented in a frame with the instructions, ''Below are the child's responses to questions about \the domain name[ 1 month ago and today.'' Below the stimulus pair, the respondent was given instructions to ''Please decide if you think these responses show that this child is…'' followed by a list of the three response alternatives (''at least a little better today,'' ''essentially no different,'' and ''at least a little worse today'') with adjacent buttons for participants to select their response.
The survey was administered online using the Qualtrics survey software (http://www.qualtrics.com) [22] . All respondents were administered demographic (gender, age, Hispanic ethnicity, race, and primary language) and other items. Participants were then given the instructions for the MID task. The domains (e.g., depression, fatigue, pain interference, and mobility) were presented in random order, and the individual stimulus pairs were administered randomly within the domains.
Statistical methods
The data were examined to check that there was variation in the responses for all 24 stimulus pairs and that no data were out of bounds. Mindful of the possibility that some responders may engage in mischievous responding [23] , the response patterns across the 24 stimulus pairs were examined to detect individuals who were probably not taking the judgment task seriously. While no examination of response patterns can detect all forms of mischievous or thoughtless responding, some patterns are obvious (e.g., responding ''at least a little better today'' for all 24 pairs). Given that the vignettes randomly switched between pairs ''better today'' and ''worse today,'' we set aside respondents with strings of ten or more of the same response.
Because this is the first attempt to use the scale-judgment method to estimate MID, a crucial aspect of the data was unknown a priori: We did not know whether (a) the judgments from different participants could be treated as a homogeneous collection of responses or (b) individual differences in the judges' criteria for ''different'' might have consequences for the data. In the latter case, some persons may have a consistently higher criterion than others for responding that two protocols differ. There was no way to decide a priori whether individual differences in the criterion would be an important feature of the data, so the data analysis proceeded along two parallel tracks: one for the homogenous assumption (a) and the other for individual differences (b).
Possibility (a) suggests logistic regression of the difference judgments on the change score values. The parameters of the logistic regression model could be used to estimate the scale score difference between vignettes corresponding to a probability of 0.5 that the pair is judged ''different''; that would be the MID value. The basic model would be fitted to the data for all domains together; subsequent analyses would add dummy variables to test the differences between the domains, and between positive and To decide whether to analyze the data entertaining possibility (b), the techniques of traditional test theory and IRT apply. We compute internal consistency reliability (coefficient a) of the 24-item ''test'' on which the items are the judged questionnaire pairs with each item having two response categories (different and no different). If there are negligible individual differences, then coefficient a will be near zero, and the analysis can proceed as per possibility (a). If the 24 stimulus pairs taken as a test yield a reliable measure of individual difference variation, then such individual differences are an important aspect of the data, and analysis proceeds per possibility (b).
If individual differences exist in the propensity to respond ''different'' to a pair of completed questionnaires, then IRT can be used to produce an estimate of MID, using a definition of MID that it is the scale score difference for which an average respondent would have a 50-50 chance of responding ''different.'' The lower panel of Fig. 2 illustrates this: On the x-axis is the latent variable h, which refers to the ''propensity to respond 'different'''; the y-axis is the probability of responding ''different.'' The lower panel of Fig. 2 shows IRT trace lines for six stimulus pairs, associated with scale score differences between 1.1 and 5.7 points in absolute value. The dotted line shows a normal population distribution for variation in the ''propensity to respond 'different'.'' The vertical dashed line is at the mean, and an inferred trace line is drawn as a thicker line with its location (b) parameter equal to the mean. The (hypothetical) value of the scale score difference associated with the 50-50 point of that thicker trace line, computed by interpolation of the relationship between the b parameters and scale score differences, is the estimate of the MID. In statistical analyses to identify the scale score difference associated with a b parameter equal to each population mean, the relation between the scale score differences and the b parameters would be smoothed with polynomial regression. As with the logistic regression analysis described above, terms for domains and positive versus negative changes could be tested for significance in this regression analysis. Table 1 summarizes demographic characteristics of the respondents.
Results
Data for 19 of the 246 respondents were set aside because they appeared to be mischievous or less than thoughtful responses. Ten respondents set aside were adolescents, and nine were parents; none were clinicians. Subsequent analyses are based on data from the remaining 227 respondents. Table 2 lists the 24 stimulus pairs, with the overall frequencies that responded ''At least a little better today'' (hereafter ''better''), ''Essentially no different'' (hereafter ''no difference''), and ''At least a little worse today'' (hereafter ''worse''). A substantial proportion of the responses (4-20 %) are in the ''wrong direction.'' For Depressive Symptoms, Pain, and Fatigue, a positive difference is worse; scores on Mobility are better if the difference is positive. For each of the stimulus pairs, the ''today'' responses are unambiguously either ''better'' or ''worse.'' So all of the responses should be better-or-nodifferent, or worse-or-no-different, for any given stimulus pair. The column of Table 2 labeled ''proportion wrong direction'' shows the proportion for each pair.
There are two possible explanations for the wrong-direction responses: One is that some judges were careless; this explanation suggests that the responses in the wrong Fig . 2 Upper panel a hypothetical plot of the probability a pair of questionnaire responses is judged ''different'' as a logistic regression function of the scale score difference associated with the pair, with a dashed line indicating the MID at p = 0.5. Lower panel the x-axis is the latent variable h (propensity to respond ''different''); the y-axis is the probability of responding ''different.'' The curves are IRT trace lines for six stimulus pairs, associated with scale score differences between 1.1 and 5.7 points. The normal population distribution is shown as a dotted line; the vertical dashed line is at the mean of the reference population, and an inferred trace line is drawn as a thicker line with its location (b) parameter equal to 0.0. The scale score difference associated with that thicker trace line is the estimate of the MID PROMIS scale scores are on a T-score metric with mean 50 and standard deviation of 10 from the calibration population (ages 8-17). Higher scores for Depressive Symptoms, Pain, and Fatigue represent worsening symptom burden, and higher scores for Mobility represent better functioning direction should be omitted from subsequent analyses. A second explanation is that because scoring direction varies, some judges were sometimes confused and responded ''better'' when they meant ''worse,'' or vice versa. That explanation suggests data analysis with the wrong-direction responses reversed to mean different (in the correct direction). To cover both possibilities, we repeat subsequent analyses, with wrong-direction responses omitted and reversed. We computed internal consistency reliability of the 24-item ''test'' on which the items are the questionnaire pairs; coefficient a is 0.81 if ''wrong-direction'' responses are omitted and 0.83 if they are reversed. So the 24-vignette form is a moderately reliable test of individual differences in the propensity to say that two sets of response patterns differ, and we proceed with the individual differences analysis.
We fitted the one-parameter logistic (1PL) IRT model to the data, considering the set of stimulus pairs a 24-item test of the propensity to say that response patterns differ. The data were divided into three populations: clinicians, adolescents, and parents. In the formulation of the 1PL model [24] used here, one common slope for all items (stimulus pairs) was estimated, along with the means and standard deviations of normal distributions of the latent variable for the adolescent and parent groups relative to the scaledefining mean of 0 and standard deviation of 1 for the clinicians. For the analysis with the ''wrong-direction'' responses reversed, the slope parameter estimate is 1.33 (SE = 0.26), and the means and standard deviations are l = -0.36 and r = 1.51 for the adolescent group and l = -0.53 and r = 1.47 for the parents, respectively. For the analysis with the ''wrong-direction'' responses omitted, the slope parameter estimate is 1.17 (SE = 0.29), and the means and standard deviations are l = -0.18 and r = 1.42 for the adolescent group and l = -0.37 and r = 1.31 for the parents, respectively. These values indicate that individual differences exist among the respondents in the propensity to say that two sets of response patterns differ (the slope estimate would be 0.0 otherwise) and that the adolescents and parents are, on average, lower on that latent variable than the clinicians, and more variable. Likelihood ratio tests of the differences among the three groups' means and standard deviations are significant for the wrong-direction-omitted analysis (G 2 = 15.85, 4 df, p = 0.003) and nearly so for the wrong-direction-reversed analysis (G 2 = 8.82, 4 df, p = 0.065). The lower panel of Fig. 2 shows the results of a subset of these IRT analyses. In the graphic, the reference distribution is for the clinicians, and the six trace lines are for a subset of six of the 24 stimulus pairs, obtained with the ''wrong-direction'' responses reversed. The b parameters (thresholds) for all 24 stimulus pairs are shown in Table 3, for both the wrong-direction-omitted and wrong-directionreversed analyses. Figure 3 shows the absolute value of the difference between the scale scores for each stimulus pair plotted against those b parameters. Note that the rank order of the absolute differences generally coincides with the rank order of b parameters. Smooth curves have been added to those plots using quadratic regression of the scale score difference on the b values. We also considered regressions including indicator variables for the domains and for positive versus negative change; none of the latter coefficients differed significantly from zero, so we used one curve to smooth the data for all four domains, and for positive and negative changes.
We used the idea illustrated in the lower panel of Fig. 2 to compute estimates of MID, with wrong-direction responses omitted and with wrong-direction responses reversed. The goal is to estimate the scale score difference for a (hypothetical) pair of filled-in questionnaires that would have a b parameter of equal to the mean of the respondents' distribution; that is, that an average respondent would say ''different'' with a probability of 50 %. Because the intercept terms in the quadratic regression models illustrated in 
Discussion
The PROMIS pediatric measure's MID is about 2 points, with a standard error of a little over a half point, for the average clinician. For the average adolescent, or the average parent, MID is a little higher. A sensitivity analysis treating the ''wrong-direction responses'' differently (omitting them vs. reversing their direction) yielded similar MID estimates. These values are near the MIDs between 2.4 and 3.5 points for longitudinal anchor-based analyses reported by Yost et al. [25] for a collection of the adult PROMIS measures studied with cancer patients and survivors.
The instructions to the research participants focused on noticeable changes, so in this study, the definition of a MID is very similar to a just noticeable difference. Given the heterogeneity of the judges, it is not clear how the instructions could be modified to reliably instruct all participants to somehow distinguish between ''just noticeable'' and ''minimally important.'' The instructions resolve that issue by focusing on the just noticeable difference, in the spirit of the recommendation that MID be defined as minimum detectable change to avoid proliferation of different MID values from different procedures [26, 27] .
A significant limitation of the scale-judgment method is the same as its primary advantage with respect to anchor-based methods: The scale-judgment method uses judgments about hypothetical situations; there is no reference to the actual change in real persons. If it is practical to obtain valid anchoring data, an anchor-based method is almost certainly preferred. However, it may be desirable to obtain an estimate of a MID before anchoring data can be obtained or for scales for which there is no clear anchor.
Because this was the first empirical use of the scalejudgment method, we learned a great deal in this study that can be applied to improve future use of the method. First, we found that individual difference variation among the judges is an important source of variability in the data, so we made use of IRT to model those individual differences and defined MID as the value of the scale score difference for which the probability of a ''different'' judgment is 0.5. IRT is used twice in this procedure: once to construct the original scales and a second time to analyze the scalejudgment data.
Second, we learned that mixing scales for which a higher score is an improvement with others for which a lower score is an improvement in the same judgment task is not recommended. Mixing led to the possibility that judges might misremember which direction represents ''better'' or ''worse'' for a particular scale. In future applications of this method, we would collect data on only one scale at a time, which would naturally be the case if this were a routine part of scale development. Then, judges would not have the opportunity to confuse the direction of improvement within the judgment task.
Using only six questionnaire pairs for each domain, we were unable to detect statistically significant PROMIS scale scores are on a T-score metric with mean 50 and standard deviation of 10 from the calibration population (ages 8-17). Higher scores for Depressive Symptoms, Pain, and Fatigue represent worsening symptom burden, and higher scores for mobility represent better functioning. b = threshold parameter of the one-parameter logistic (1PL) IRT model differences between MID values across domains. Such differences may exist. In order to measure such differences, more stimulus pairs would be needed to obtain sufficiently precise estimates of the MID values for each domain.
We showed that the value of MID differs across groups of judges: MID is about 2 points for the average clinician, but higher for adolescents and parents. Although this has not been widely studied, other investigators have found similar results [17, 28] . These findings suggest that patients may expect greater change before taking action. . Note: The point for the stimulus pair ''Mobility 6'' has been omitted from Fig. 3 and is not used in the data analysis. For that stimulus pair, the scale score difference between ''1 month ago'' and ''today'' was 8.5 points, which is very large; however, due to the ceiling effect on the Mobility scale, that was a change in only one point for a single item, ''I could do sports and exercise that other kids my age could do,'' from ''with no trouble'' to ''with a little trouble.'' Very few judges (33 or 37 %) considered that change to be ''different.'' Those data were set aside because this combination of a very small response change with a very large scale score change is not representative of the behavior of the questionnaires as a whole Qual Life Res (2016) 25:13-23 21 license for use of the items to the PROMIS Health Organization and receives no payment or royalties for their use.
